IMAGE FORMING APPARATUS 



FIELD OF THE INVENTION AND RELATED ART 

The present invention relates to an image 
forming apparatus, such as a copying machine, a laser 
beam printer, etc., which employs an 

electrophotographic or electrostatic recording method. 
In recent years, an electrophotographic image 
forming apparatus has been improved in process speed 
and functionality, and also, colorization is in 
progress in the field of an electrophotographic image 
forming apparatus. Thus, various image forming 
methods have been proposed for an image forming 
apparatus. From the standpoint of increasing process 
speed, an in-line type image forming apparatus in 
which multiple image formation stations (image 
formation units) different in the color in which they 
form an image, are arranged in a straight line, and 
are simultaneously driven to form an image, has been 
researched and developed. An image forming apparatus 
of this type is capable of formixig a color image at a 
high speed, and therefore, it is thought to be 
extremely useful in the field of business, for 
example, in which the demand for high speed printing 
is great. 

Some of the image forming apparatuses of this 
in-line type employ an image forming method which 
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employs an intermediary transfer means. In this image 
forming method, multiple developer images (toner 
images) different in color are temporarily transferred 
(primary transfer) in layers onto an intermediary 

5 transfer medium, and then, are transferred (secondary 

i 

transfer) all at once from the intermediary transfer 
medium onto a final tranisfer medium, for example, 
recording paper, OHP sheet, fabric, etc., yielding a 
pe r manen t i mage . 

10 Figure 13 is a schematic sectional view of 

the essential portion of an image forming apparatus of 
the above described type. The image forming apparatus 
in Figure 13 is not a specific type of an image 
forming apparatus. The image forming apparatus 200 in 

15 the drawing has multiple image forming means, for 

example, first to fourth image formation stations PY, 
PM, PC, and PBk for forming yellow (Y), magenta (M), 
cyan (C), and black (Bk) images, respectively. In 
operation, toner images are formed of toner as 

20 developer, on the electrophotographic photosensitive 
members lOY, lOM, IOC, and lOBk, as image bearing 
members, in the form of a drum (which hereinafter will 
be referred to as "photosensitive drum" ) of the image 
formation stations, respectively, and the toner images 

25 are transferred (primary transfer) in layers onto the 
intermediary transfer medium 31 by the functions of 
the primary transferring means 26Y, 26M, 26C, and 



26Bh, in the primary transfer stations Nl, 
respectively. Thereafter^ the toner images on the 
intermediary transfer medium 31 are transferred all at 
once onto the final transfer medium S by the function 
of the secondary transferring means 32, in the 
secondary transfer station N2. During this secondary 
transfer, the transfer medium S is conveyed by the 
intermediary transfer medium 31 and the secondary 
transferring means 32, remaining pinched between them, 
with its front and back sides remaining in contact 
with the intermediary transfer medium 31 and secondary 
transferring means 32, respectively. 

Next, the operation of the image formation 
stations of the image forming apparatus 200 in Figure 
13 will be described in more detail. All the image 
formation stations are virtually the s^me in 
structure, except that they are different in the color 
of the images they form. Thus, hereinafter, unless it 
is necessary to specif icjally mention the differences 
among them, their cojrfiponents will be described in 
generic terms, and, therefore, will not be given 
referential symbols which indicate to which image 
formation station a given component belongs. 

In each image formation station, the 
photosensitive drum 10 is rotationally driven in the 
direction indicated by an arrow mark in the drawing. 
As it is rotationally driven, its peripheral surface 
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is uniformly charged by the charge roller 11 as a 
charging means. Then, an electrostatic latent image, 
which reflects image formation signals, is formed 
across the uniformly charged portion of the peripheral 
5 surface of the photosensitive drum 10, by the exposing 
means (unshown). Then, this electrostatic latent 
image is developed by the developing means 13, which 
adheres toner to the electrostatic latent im^ge. As a 
result, a visible image, which corresponds to the 

10 electrostatic latent image, is effected on the 

peripheral surface of the photosensitive drum 10, 

The charge roller 11 is connected to a high 
voltage power source (unshown) through its electrodes - 
As voltage is applied to the charge roller 11, it 

15 uniformly charges the peripheral surface of the 

photosensitive drum 10 to a predetermined potential 
level. The charge roller 11 is kept pressed on the 
peripheral surface of the photosensitive drum 10 with 
the application of a predetermined amount of pressure, 

20 and charges the photosensitive drum 10 as it is 

rotated by the rotation of the photosensitive drum 10. 

As the exposing means, a laser scanner 
(unshown), for excunple, is employed. It supplies 
optical signals modulated with the image formation 

25 signals from an image formation signal source, 

providing the numerous points on the uniformly charged 
portion of the peripheral surface of the 



photosensitive drum 10 with an optical signal L. As a 
result, an electrostatic latent image, which reflects 
the image formations signals, is formed on the 
peripheral surface of the photosensitive drum 10. 

As for the developing means 13, there has 
been available such a means that comprises a 
development roller 16 as a developer bearing means for 
conveying developer to a photosensitive member, and 
develops the electrostatic latent image on the 
photosensitive drum 10 by placing the development 
roller 16 in contact with the photosensitive drum 10 
(which hereinafter will be referred to as "contact 
developing method"). In this developing method, a 
visible image corresponding to the electrostatic 
latent image on the photosensitive drum 10 is formed 
on the photosensitive drum 10, by moving toner from 
the development roller 16 onto the electrostatic 
latent image on the photosensitive drum 10, adhering 
thereby the toner thereto, by the amount controlled by 
the relationship between the light potential level of 
the electrostatic latent image and the potential level 
of the bias voltage applied to the development roller 
16. 

A developing means (developing apparatus 13) 
employing this type of developing method has a contact 
development roller 16, a toner supply roller 18, and a 
development blade 17, which are disposed in the 



developer container (main frame of developing 
apparatus). The contact development roller 16 is 
placed in contact with the photosensitive drum 1.0 • 
The developer supply roller 18 functions as a 
5 developer supplying member for supplying the 

development roller 16 with toner. The development 
blade 17 functions as a developer regulating member 
for regulating the toner supplied to the development 
roller 16. Further, the developing means is provided 

10 with a set of high voltage power sources (blade bias 
power sources) 22Y, 22M, 22C, and 22Bk, as vpltage 
applying means, for applying voltage to the 
development blades 17, and a set of high voltage power 
sources (development bias power sources) 23Y, 23M, 

15 23C, and 23Bk, as voltage applying means, for applying 
voltage to development rollers 16 and toner supply 
rollers 18. 

Each development roller 16 is structured so 
that it is rotated by the rotation of the 

20 photosensitive drum 10 as it is placed in contact with 
the peripheral surface of the photosensitive drum 10. 
It is disposed so that it is partially exposed from 
the developer container 20. 

Each development blade 17 is structured so 

25 that it is placed in contact with the development 

roller 16. The body of toner placed on the peripheral 
surface of the development roller 16 is forced through 
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the contact area between the development blade 17 and 
development roller 15^ being thereby regulated in 
thickness, forming therefore a thin layer of toner on 
the peripheral surface of the development roller 16. 
5 In addition, while the body of toner is forced through 

the contact area, the toner particles are given a 
satisfactory amount of triboelectric charge. 

Each toner supply roller 18 is disposed 
upstream of the development blade 17 in terms of the 

10 rotational direction of the development roller 15, in 

contact with the development roller 16, It supplies 
the development roller 16 with developer by rotating 
in the direction (such a direction that, in contact 
area, peripheral surface of developer supply roller 18 

15 moves in direction opposite to that in which 

peripheral surface of development roller 16 moves) 
indicated by an arrow mark in the drawing. 

In some of the image forming apparatuses such 
as a laser beam printer shown in Figure 13, the 

20 multiple image formation stations for forming multiple 

toner images, one for one, which are vertically 
arranged in a straight line, are in the form of a 
process cartridge removably mountable in the main 
assembly of an image forming apparatus. In other 

25 words, the photosensitive drum 10 as an image bearing 

member which is rptationally driven, the charge roller 
11 as a charging means, the charge roller 11 as a 
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charging means for uniformly charging the peripheral 
surface of the photosensitive drum 10, the developing 
apparatus 13 as a developing means for developing an 
electrostatic latent image into a visible image with 
5 the use of toner as developer, and the cleaning 
apparatus 14 as a cleaning means for cleaning the 
photosensitive drum 10, are integrally disposed in a 
cartridge (housing), effecting thereby a process 
cartridge 1 (lY, IM, IC, and IBk), which is positioned 

10 in the image formation station (PY, PM, PC, and PBk). 
The configuration of the process cartridge does not 
need to be limited to the above described one, as long 
as a photbsensitive member, and a minimum of one means 
among the charging means for charging the 

15 photosensitive member, developing means for supplying 
the photosensitive member with developer, and cleaning 
means for cleaning the photosensitive member, are 
integrally disposed in a cartridge removably mountable 
in the main assembly of an image forming apparatus. 

20 According to the process cartridge system, as a 
process cartridge having run out of one of the 
consumables, for example, developer, is replaced, 
other consumables such as a photosensitive drum are 
also replaced, drastically improving maintenance 

25 efficiency. 

On the other hand, an electrophotographic 
image forming apparatus has its own problem. That is. 
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the image density level at which an image is formed by 
an electrophotographic image forming apparatus is 
substantially affected by the temperature and humidity 
at which the apparatus is used, the nonunif ormity in 
5 the photosensitive member properties and developer 
properties, the developing apparatus condition in 
terms of length of usage or wear. In particular, in 
the case of a color image forming apparatus,, even the 
hue in which an image is formed is affected. 

10 One of the image forming methods commonly 

practiced in consideration of the above described 
problems, is to execute such a control that stabilizes 
the image density level at which an image is formed 
(which hereinafter will be referred to as "density 

15 control"). More specifically, an image of a density 
level detection pattern (referential pattern) is 
formed in advance on an intermediary transfer medium 
or a final transfer medium, and the density level of 
the image is detected with the use of a density 

20 detection sensor (image density detecting means) 70. 

Then, the image formation conditions (factors) such as 
the potential levels of charge bias and development 
bias, amount of exposure, etc., which affects image 
formation process are controlled to stabilize the 

25 image formation density. 

However, an image forming apparatus employing 
an in-line image formation method is provided with 
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multiple developing apparatuses, as is the image 
forming apf^aratus shown in Figurfe 13 provided with the 
four developing apparatuses 13Y, IBM, 13C, and 13Bk 
for yellow, magenta, cyan, and black colors, 
5 respectively, has the following problem. That is, in 
order to balance the four developing apparatuses in 
terms of image density (color density), four 
development bias power sources (23Y, 2 3M, 23C, and 
23Bk), as voltage applying means for applying 

10 development bias to the development rollers 16, are 
required, one for each developing apparatus. 

In addition, four blade bias power sources 
{22Y, 22M, 22C, and 22Bk), as voltage applying means 
for applying bias to thfe development blades 17 in 

15 accordance with the potential levels of the 

development biases applied to the development rollers 
16, are provided, one for one. This is for the 
following reason. That is, in order to stabilize the 
amount by which toner i6 kept in a layer on the 

20 development roller 16, the difference in potential 

level between the development blade 17 and development 
roller 16 must be kept within a certain range. In 
other words, as the bias applied to each development 
roller 16 is changed during density control, the }Dias 

25 applied to the corresponding development blac^e 17 has 
also to be changed accordingly. 

As will be evident from the above 



description, an in-line type image forming apparatus, 
such as the one described above, which has four 
Cleveloping apparatuses (13) requires four bias power 
sources for the four development blades 17. 

Providing an image forming apparatus with 
multiple power sources requires the electrical circuit 
board of the apparatus to be increased in size, and 
also adds to apparatus cost, which is a problem. 

An image forming apparatus which does not 
have multiple image formation stations, but in which 
bias voltage is applied to the development blade, has 
been known, being disclosed in Japanese Laid-open 
Patent Application 6-289703, for example. 

SUMMARY OF THE INVENTION 

The primary object of the present invention 
is to provide an image forming apparatus comprising a 
single voltage applying means that is shared by 
multiple developer regulating members to which voltage 
is applied. 

Another object of the present invention is to 
provide an image forming apparatus capable of properly 
developing an electrostatic latent image in each of 
its multiple developing apparatuses. 

Another object of the present invention is to 
provide an image forming apparatus capable of 
individually changing the voltages to be applied to 
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the above described multiple developer bearing 
members • 

Another object of the present invention is to 
provide an image forming apparatus capable of 
5 stabilizing the density level, at which it forms an 

image, by preventing the amount, by which developer is 
supplied to the developer bearing member, from 
fluctuating. 

Another object of the present invention is to 

10 provide ^n image forming apparatus having such a 
voltage applying means that is shared by multiple 
developer regulating members to which voltage is 
applied, and capable of preventing the developer 
bearing members from being supplied with an 

15 insufficient amount of developer, or preventing 
developer from solidly adhering to the developer 
regulating members. 

These and other objects, features, and 
advantages of the present invention will become more 

20 apparent upon consideration of the following 

description of the preferred embodiments of the 
present invention, taken in conjunction with the 
accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic sectional view of the 
image forming apparatus in an embodiment of the 
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present invention . 

Figure 2 is a detailed schematic sectional 
view of one of the image formation stations of the 
image forming apparatus in Figure 1 . 
5 Figure 3 is a schematic sectional view of the 

essential portion of the image forming apparatus, for 
describing the structure thereof, and how development 
bias and blade bias are applied. 

Figure 4 is a schematic sectional view of an 
10 example of a density sensor. 

Figure 5 is a graph for describing the 
relationship between the density level of the image of 
the density control patch and reflectivity. 

Figure 6 is a development of a photosensitive 
15 drum, schematically showing the arrangement of the 
images of the density control patches formed on the 
peripheral surface of the photosensitive drum. 

Figure 7 is a graph for describing the method 
for selecting the potential level for the bias to be 
20 applied to the development roller. 

Figure 8 is a graph for describing the 
conditions necessary to stabilize the amount by which 
toner is left coated on the development roller, by the 
development blade. 
25 Figure 9 is a flowchart of an example of the 

process for selecting the potential level for the bias 
to be applied to the development blade. 
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Figure 10 is a schematic sectional view of 
the essential portion of the image forming apparatus 
in another embodiment of the present invention, for 
describing how the development bias and blade bias are 
applied in the apparatus. 

Figure 11 is a flowchart of another example 
of the process for selecting the potential level for 
the biases to be applied to the development blade and 
de ve 1 opmen t r o 1 1 e r . 

Figure 12 is a flowchart of the another 
example of the process for selecting the potential 
level for the biases to be applied to the development 
blade and development roller. 

Figure 13 is a schematic' sectional view of 
the essential portion of an example of an image 
forming apparatus in accordance with the prior arts. 

Figure 14 is a schematic sectional view of 
the essential portion of the image forming apparatus 
in accordance with the prior arts, shown in Figure 13, 
for describing how the development bias and blade bias 
are applied. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Here^inafter, the preferred embodiment of the 
present invention will be described in detail with 
reference to the appended drawings. 
Embodiment 1 
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The present invention is embodied in the form 
of an in-line type image forming apparatus employing a 
contact type developing method « This does not mean 
that the application of this embodiment is limited to 
5 an image forming apparatus of the above mentioned 
type. In other words, the present invention is 
applicable to any image forming apparatus in 
accordance with the following description of the 
preferred embodiments of the present invention, in 
10 terms of configuration as well as image formation 
method . 

[General Structure of Image Forming Apparatus] 

Figure 1 is a schematic sectional view of the 
image forming apparatus 100 in this embodiment of the 

15 present invention. The image forming apparatus 100 in 
this embodiment is an electrophotographic image 
forming apparatus connected to an external host such 
as a personal computer. It is capable of outputting 
an image on a piece of transfer medium, for example, 

20 recording paper, OHP sheet, fabric, etc., in response 
to image formation data signals from the external 
host . 

The image forming apparatus 100 has first to 
fourth image formation stations (image formation 
25 units) PY, PM, PC, and PBk, as image forming means, 
which form yellow (Y), magenta (M), cyan (C), and 
black (Bk) images, respectively. The four image 
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formation units PY, PM, PC, and PBk are disposed in 
parallel, perpendicular to an intermediary transfer 
member (transfer belt) 31, as a transfer medium, which 
circularly moves in the direction indicated by an 
5 arrow mark in the drawing. More specifically, listing 
from the bottom in Figure 1, yellow, magenta, cyan, 
and black image formation units PY, PM, PC, and PBk 
are vertically aligned in parallel to each other, and 
a full-color image is formed by sequentially 
10 transferring yellow, magenta, cyan, and black color 

images from the image formation units PY, PM, PC, and 
PBk, respectively, onto the intermediary transfer belt 
31, yielding thereby a full-color image, on the belt 
31. 

15 Figure 2 shows in more detail one of the 

image formation stations. Incidentally, in this 
embodiment, all the image formation stations are 
virtually the scime in structure, except that they are 
different in the color of the images they form. Thus, 

20 hereinafter, unless the differences are specifically 
noted, their components will be described in generic 
terms, and , therefore, will not be given referential 
symbols which indicate the colors of the image 
formation stations to which they belong. 

25 Each image formation station is provided with 

an electrophotographic photosensitive member, as an 
image bearing member, in the form of a drum 
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(photosensitive driaiti) 10. The peripheral surface of 
the photosensitive drum 10 is uniformly charged by a 
charge roller 11^ as a charging means, which is 
rotated by the rotation of the photosensitive drum 10. 
5 Then, the charged portion of the peripheral surface of 
the photosensitive drum 10 is exposed to a scanning 
beam of light projected by an exposing apparatus 12, 
as an exposing means, while being modulated with the 
image formation data signals. As a result, an 

10 electrostatic latent image is formed on the peripheral 
$urface of the photosensitive drum 10. To this 
electrostatic latent image, toner as developer is 
adhered by a developing apparatus 13 as a developing 
means, turning the latent image into a visible image 

15 (toner image), that is, an image formed of developer. 

When forming a full-color image, toner images 
different in color are formed on the photosensitive 
drums 10 in the image formation stations, one for one, 
and as predetermined primary transfer biases are 

20 applied to the primary transfer rollers 26 as primary 
transferring means, the toner images on the 
photosensitive drums 10 are sequentially transferred 
in layers onto the intermediary transfer belt 31, in 
the primary transfer stations Nl of the image 

25 formation stations, in which the peripheral surfaces 
of the photosensitive drums 10 and primary transfer 
rollers 26 are in contact, or virtually in contact 
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with, each other, one for one. As a result, a full- 
color image is formed on the intermediary transfer 
belt 31. 

Next, a predetermined secondary transfer bias 
5 is applied to the secondary transfer roller 32 as a 
secondary transferring means, whereby the full -color 
image (combination o:^ toner images) on the 
intermediary transfer belt 31 are transferred 
(secondary transfer) onto a final transfer medium S. 

10 The transfer medium S is fed into the main assembly of 
the image forming apparatus 100 from a transfer medium 
supply station 40 comprising a transfer medium 
cassette 41, a pair of transfer supply rollers 42 as a 
conveying means, etc., and is delivered, in 

15 synchronism with the transfer of the toner images onto 
the intermediary transfer belt 31, to the secondary 
transfer station N2, in Which the secondary transfer 
roller 32 opposes the intermediary transfer belt 31. 

Thereafter, the transfer medium S onto which 

20 the toner images have just been transferred is 
conveyed to a fixing apparatus 30, in which the 
unfixed toner images are fixed to the transfer medium 
S. Then, the transfer medium S onto which the toner 
images have just been fixed is discharged into the 

25 delivery tray 35, ending the image formation. 

Meanwhile, the primary transfer residual 
toner particles, that is, the toner particles which 
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remained on the peripheral surface of the 
photosensitive drums 10 without being transferred 
during the primary transfer, are recovered into a 
waste toner container 14b by cleaning apparatuses 14, 
as image bearing member cleaning means, comprising a 
cleaning blade 14a as a cleaning member and the waste 
toner container 14b; the peripheral surfaces of the 
photosensitive drums 10 are cleaned. On the other 
hand, the secondary transfer residual toner particles, 
that is, the toner particles which remained on the 
intermediary transfer belt 31 without being 
transferred during the secondary transfer, are scraped 
away by an intermediary transfer member cleaning means 
(unshown) disposed so that it can be placed in contact 
with, or moved away from, the intermediary transfer 
belt 31; the surface of the intermediary transfer belt 
31 is cleaned. 

In this embodiment, each photosensitive 
member 10 is 30 mm in diameter, and is rotationally 
driven at a peripheral velocity of 100 mm/sec in the 
direction indicated by an arrow mark in the drawing. 
The peripheral surface of the photosensitive drum 10 
is uniformly charged by the charge toiler 11, 

To each charge roller 11, a DC voltage of 
-150 V is applied from a charge bias power source 
(unshown), which is a high voltage power source, 
uniformly charging the peripheral surface of the 
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photosensitive drum 10 to a potential level of roughly 
-600 V (dark point potential level). Although the 
charge bias used in this embodiment is DC bias, a 
combination of DC and AC components may be used as the 
charge bias. 

Each exposing apparatus 12 exposes the 
peripheral surface of the photosensitive drum 10; more 
specifically, it scans the peripheral surface of the 
photosensitive drum 10 with a beam of laser light, 
which it projects, while turning it on and off in 
response to the image formation data inputted into the 
image forming apparatus. As a result, the exposed 
points on the peripheral surface of the photosensitive 
drum 10 are reduced in potential level to roughly -80 
V (light point potential level), effecting thereby an 
electrostatic latent image, on the peripheral surface 
of the photosensitive drum 10. 

Each developing apparatus 13 is roughly the 
same in structure as the one described above with 
reference to Figure 13. It develops in reverse the 
electrostatic latent image on the photosensitive drum 
10 with the use of a contact developing methbd, and a 
toner which is the same in polarity (which is negative 
in this embodiment) as the photosensitive drvim 10. 

To describe in more detail with reference to 
Figure 2, the developing apparatus 13 comprises: a 
developer container (developing apparatus main frame) 



-21- 

20, in which nonmagnetic toner as developer (single- 
component toner as single-component developer), is 
contained; a development roller 16 as a developer 
bearing member; a development blade 17 as a developer 
5 regulating member; a toner supply roller 18 as a 

developer supplying member; and a stirring blade 19 as 
a developer stirring/conveying means* 

The development roller 16 in this embodiment 
comprises a metallic core 16a, and an elastic layer 

10 16b formed on the peripheral surface of the metallic 
core 16a. It is 16 mm in external diameter. The 
metallic core 16a is formed of metal such as aluminum, 
aluminum alloy, etc., and the elastic layer 16b 
comprises a base layer 16bl, and a surface layer 16b2 

15 layered on the base layer 16bl. The base layer 16bl 
of the elastic layer 16b is formed of rubbery 
substance such as silicon rubber, and the surface 
layer 16b2 of the elastic layer 16b is formed of 
ether-urethane or nylon. Of course, the materials for 

20 these layers are not limited to those listed above; it 
is possible to employ foamed substance, for example, 
sponge, as the material for the base layer 16bl, and 
rubbery substance as the material for the surface 
layer 16b2. The electrical resistance of the 

25 development roller 16 was 1 MQ, which was measured 

while the development roller 16 was kept pressed on a 
metallic cylinder with a diameter of 30 mm, applying 
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the total weight of 1 kg, and while a voltage of 50 V 
was applied to the development roller. In this 
embodiment, the development roller 16 is rotational ly 
driven by a driving m^ans (ilnshown) at a peripheral 
velocity of 160 mm/sec. 

The electrostatic latent image on the 
photosensitive drum 10 is developed into a visual 
image (image formed of toner) by the toner borne on 
the peripheral surface of the development roller 16 
placed in contact with the peripheral surface of the 
photosensitive drum 10, forming a development station 
(contact area) between the development roller 16 and 
photosensitive drum 10. During this development 
process, which will be described later in detail, a 
negative DC voltage (development bias voltage) of 
roughly -250 V - -400 V is applied to the development 
roller 16 from a high voltage power source 
(development bias power source 23Y, 23M, 23C, or 
23Bk), as a development voltage applying means, 
causing the negatively charged toner particles to 
transfer from the development roller 16 onto the 
electrostatic latent image on the photosensitive driim 
10. incidentally, a combination of DC voltage and AC 
voltage may be applied as the development bias voltage 
to the development roller 16, instead of applying the 
DC voltage alone. The development bias power sources 
23Y, 23M, 23C, and 23Bk are capable of changing the 
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potential levels of the D^C voltages they output • 

As described above, in the case of an in-line 
developing method, four developing apparatuses 13 are 
present, which are adjustable in the density level at 
5 which they develop a latent image. This is why the 

four development bias power sources 23Y, 23M, 23C, and 
23Bk, as voltage applying means, are provided, one for 
each of the four developing apparatuses 13. 

There is a development blade 17 above the 

10 development roller 16. It is a member for regulating 
the amount by which developer is allowed to remain on 
the development roller 16, and is supported by the 
developer container 20, with its free long edge kept 
lightly in contact with the peripheral surface of the 

15 development roller 16. 

In this embodiment, the development blade 17 
is tilted, with its free long edge positioned upstream 
of the contact area between the development blade 17 
and development roller 16, in terms of the rotational 

20 direction of the development roller 16; in other 
words, it is tilted in the so-called counter 
direction. More concretely, the development blade 17 
is a piece of 0.1 mm thick phosphor bronze plate, 
which is springy. It is kept in contact with the 

25 peripheral surface of the development roller 16 so 
that a predetermined amount of pressure (linear 
pressure) is maintained between the development blade 
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17 and development roller 16. With the development 
blade 17 kept pressed against the peripheral surface 
of the development roller 16 in a manner to maintain 
the predetermined contact pressure between them, the 
5 toner particles (10) are frictipnally charged to the 
negative polarity. 

Although this will be described later in more 
detail, a negative DC voltage (blade bias) of roughly 
-600 V is applied to the development blade 11 from a 

10 high voltage power source (blade bias power source) as 
a regulating member voltage applying means, in order 
to stabilize the amount by which toner is allowed to 
remain on the peripheral surface of the development 
roller 16. There is only one blade bias power source 

15 22, which is capable of applying to all the 

development blades 17 in the developing apparatuses 
13Y, 13M, 13C, and ISBk of the image formation 
stations PY, PM, PC, and PBk for yellow, magenta, 
cyan, and black colors, respectively, biases identical 

20 in potiential level value, which are variable. 

Incidentally, in this embodiment, the 
development and blade biases are negative, and for the 
sake of convenience, the potential levels of the 
development and blade biases are expressed in absolute 

25 value. For example, that a given bias is greater than 
another bias means that it is greater in absolute 
value; in this embpdiment, therefore, it means that a 
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given bias is greater in the negative direction than 
another bias. 

The toner supply roller 18 may be in the fprm 
of a sponge roller^ or a fur brush roller comprising a 
5 metallic core and rayon or nylon fibers planted on the 
peripheral surface of the metallic core. In this 
embodiment, an elastic roller with a diameter of 16 
mm, which comprises a metallic core 18a and a urethane 
foam layer 18b wrapped around the core 18a, is 

10 employed as the toner supply roller 18, in 

consideration of the fact that toner is supplied to 
the development roller 16 from the toner supply roller 
18, and also that the toner remaining on the 
development roller 16 without being consumed for 

15 development is to be stripped away from the 
development roller 16, 

This toner supply roller 18, which is an 
elastic roller, is kept in contact with the 
development roller 16. During a development process, 

20 it is rotationally driven at a peripheral velocity of 
100 mm/sec, in such a direction that, in the contact 
area between the peripheral surfaces of the toner 
supply roller 18 and development roller 16, the 
peripheral surface of the toner supply roller 18 moves 

25 in the direction opposite to the moving direction of 
the development roller 16. The distance of the 
apparent entry of the toner supply roller 18 into the 



development roller 16 is 1.5 mm. 

As described above, the toner image on the 

peripheral surface of the photosensitive drum 10 is 

transferred onto the intermediary transfer belt 31 by 

a transfer roller 23 to which the primary transfer 

bias is being applied firom a primary transfer bias 

power source (unshown) as a primary transfer bias 

applying means, and then, is transferred from the 

intermediary transfer belt 31 onto the transfer medium 

S by the secondary transfer roller 32 to which the 

« 

secondary transfer bias is being applied from a 
secondary transfer bias power source (unghown) as a 
secondary transfer bias applying means. Thereafter, 
the toner image on the transfer medium S is fixed to 
the transfer medium S. 

If the next set of image formation data is 
inputted into the image forming apparatus 100 
immediately after the completion of the on-going image 
forming process, the following round of the image 
formation process is carried out, without interrupting 
the rotations of the photosensitive drum 10, 
development roller 16, toner supply roller 18, etc., 
atnd while keeping the development roller 16 the same 
in potential level . 

In this embodiment, the developing apparatus 
13, the photosensitive drum 10 which is rotationally 
driven, the charge roller 11 for uniformly charging 
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the peripheral surface of the photosensitive drum 10, 
and the cleaning apparatus 14, are integrally disposed 
in a cartridge (housing), effecting thereby a process 
cartridge 1, Each of the process cartridges lY, IM, 
IC, and IBk different in the development color, is 
removably mount able in the main assembly 2 of the 
image forming apparatus 100, through the process 
cartridge mounting means 50 of the main assembly 2, 
In this embodiment, the frame of the process cartridge 
1 comprises the waste toner container 14b and 
developer container 20, which are integrally joined 
with each other. The toner container 14b supports the 
photosensitive drum 10, charge roller 11, and cleaning 
blade 17, whereas the developer container 20 supports 
the development roller 16, development blade 17, toner 
supply roller 18, and stirring bla<ie 19. 

However, the design of the process cartridge 
1 does not need to be limited to the above described 
one. For example, the developing apparatus 13 may be 
iimnovably attached to the main assembly 2 of an image 
forming apparatus, while a photosensitive member as an 
image bearing memlDer, and a minimum of one means among 
a charging means for charging the photosensitive 
member, a developing means for supplying the 
photosensitive member with developer, and a cleaning 
means for cleaning the photosensitive member, are 
integrally disposed in a cartridge which is removably 
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mountable in the main assembly of an image forming 
apparatus. On the other hand, only the developing 
apparatus 13 may be placed in a cartridge, effecting a 
development cartridge removably mount able in the image 
forming apparatus main assembly 2. 

In this embodiment, as the process cartridge 
1 is mounted into the image forming apparatus main 
assembly 2, the driving force transmitting means of 
the process cartridge 1 becomes connected with the 
driving means (unshown) of the image forming apparatus 
main assembly 2, maki^ig it possible to drive the 
photosensitive drum 10, developing apparatus 13, 
charge roller 11, etc. The power sources for 
applying voltage to the charge roller 11, development 
roller 15, development blade 17, etc, are provided on 
the image forming apparatus main assembly 2 side, and 
become connected, in terms of electricity conduction, 
with the charge roller 11, development roller 16, 
development blade 17, etc., respectively, through the 
contact points provided on the process cartridge 1 
side and the contact points provided on the image 
forming apparatus main assembly 2 side, as the process 
cartridge 1 is mounted into the image forming 
apparatus main assembly 2. 

Further, in this embodiment, the power 
sources (blade bias power source, development bias 
power sources, primary transfer bias power sources. 
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secondary transfer bias power source, and charge bias 
power sources)^ with which the image forming apparatus 
100 is provided, are controlled by a CPU 60 (Figure 
3), as a controlling means, for integrally controlling 
the overall operation of the image forming apparatus. 
[Image Density Control] 

Next, the density control in this embodiment 
will be described. Figure 3 is a schematic sectional 
view of the essential portion, in particular, the 
portion comprising the photosensitive drum 10, 
developing apparatus 1, primary transfer roller 23, 
intermediary transfer belt 31, etc., of the image 
forming apparatus main assembly 2, for describing the 
structure thereof. In Figure 3, the components other 
than the above mentioned are not shown. 

The image forming apparatus 100 in this 
embodiment has a density sensor 70, as an image 
density level detecting means, which is a light 
sensor. Referring to Figure 4, the density sensor 70 
has a light emitting portion 71 and a light receiving 
portion 72. In operation, a spot of light is 
projected from the light emitting portion 71 onto the 
image of a density control patch (referential image) T 
having been transferred onto the surface of the 
intermediary transfer belt 31 after being formed on 
the photosensitive drum 10, with predetermined timing, 
and the light reflected by the image of the density 
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control patch T is received by the light receiving 
portion 72, enabling thereby the density sensor 70 to 
determine the density level of the image, based on the 
amount of the light received by the light receiving 
5 portion 72 • The CPU 60, afe a controlling means, 
changes the image formation condition, rectifying 
thereby the density level at which the image forming 
apparatus forms an image, by changing, in potential 
level, the development bias applied to the developing 

10 apparatus 13, and the like factors, based on the 

amount of the received light, which is inputted from 
the light receiving portion 72 of the density sensor 
70, that is, the output of the density sensor 70. 

Figure 5 shows the relationship between the 

15 density level (which is reflection density level here, 
and also, hereafter) and reflectance. In Figure 5, 
the amount of the light received by the light 
receiving portion 72 when no toner is on the 
intermediary transfer belt 31 is used as the 

20 referential reflectance level (100%). The reflectance 
levels plotted in Figure 5 are the results of the 
measurement of the reflectance levels of the toner 
image on the intermediary transfer belt 31, The 
density levels plotted in Figure 5 are the results of 

25 "the measurement, in density level, of the toner images 
having been transferred onto the transfer medium S 
under identical conditions. 
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When the amount of the toner on the 
intermediary transfer belt 31 is zero, that is, when 
there is no toner on the intermediary transfer belt 
31, the reflectance is 100 %. As the amount of the 
5 toner on the intermediary transfer belt 31 increases, 
the reflectance of the intermediary transfer belt 31 
reduces, that is, the amount of the light reflected 
toward the light receiving portion 72 reduces, because 
the light projected upon the intermediary transfer 

10 belt 31 from the light emitting portion 21 is diffused 
by the toner on the intermediary transfer belt 31. 

All that is necessary to convert reflectance 
level into image density level is to look up the 
reflectance-density conversion table, which has been 

15 prepared through experiments, and has been stored in a 
storage means, for example, the storage portion of the 
CPU 60. 

Next, referring to Figures 6-9, the density 
controlling method in this embodiment will be 

20 described in more detail. 

First, the density control process in this 
embodiment is initiated by the CPU 60, once every 
predetermined number of prints, at a predetermined 
point in time during one of the periods in which an 

25 image is not actually formed, for example, the 

intervals (so-called paper intervals) between two 
consecutive transfer mediums S when a large number of 
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j^rints are continuously produced^ preparatory periods 
(so-called post-rotation periods) after the completion 
of the image formation process, etc. In other words, 
an image of the referential pattern for density level 
5 detection is formed during one of the above described 
non-image formation periods, on the intermediary 
transfer belt 31, across the area which does not 
oppose, or does not come into contact with, a 
recording medium S, and the density level of this 

10 image of the referential pattern is detected. Figure 
6 is a schematic development of the photosensitive 
drum 10, in terms of the circumferential direction, in 
which referential symbols Kl - K4 designate toner 
images, which were formed by the developing apparatus 

15 13Bk for developing the black components, with the 
development bias to be applied to the development 
roller 16Bk of the developing apparatus 13Bk set at 
-250V, -300 V, -350 V, and -400 V, respectively. 

Figure 7 is a graph showing the relationship 

20 between the potential level of development bias 

applied during the formation of the black toner images 
Kl - K4, and the reflectance level detected with the 
use of the density sensor 70. The development bias to 
be applied during the normal development process can 

25 be set so that the density level of the image of the 
density control patch T will become 1.4 (target 
density), for example. With the use of the graph in 
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Figure 1 , which shows the relationship between the 
potential level of the development bias applied dtiring 
the formation of the toner images Kl - K4, and the 
density levels of the toner images Kl - K4, it can be 
5 estimated, through linear interpolation, that the 

development bias level for effecting a density of 1.4 
(reflectance of 22 %) is -320 V. In other words, with 
the use of this method, it is possible to calculate 
the development bias level value which effects a 

10 density level of 1.4, making it possible to maintain 
the density level at a preferable level regardless of 
the ambience and the changes which occur to the 
apparatus due to usage. Similarly, the potential 
levels of the development biases to be applied to the 

15 yellow, magenta, and cyan developing apparatuses can 
be selected so that the target density level of 1.4, 
for example, can be achieved. In other words, each of 
the development bias voltages to be applied to a 
plurality of development rollers, one for one, can be 

20 individually adjusted in order to achieve a 
pre<^etermined level of density. 

In this embodiment, when a density of 1.4, 
for example, is necessary, the potential level range 
for the development bias (development bias potential 

25 level range for forming image of referential patch) in 
which the development bias potential level is to be 
selected, is desired to be no less than -'250 V 
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(roughly -250 V - -400 V)* In other words^ in the 
case of the structural arrangement in this embodiment, 
as long as the adjustment is made within this range, 
the target density of 1.4 can be achieved, regardless 
of all of the factors which affect image density 
level, for example, the temperature and humidity at 
which the apparatus is used, the nonunif ormity in the 
properties of the photosensitive drum 10 and 
developer, the durability of the developing apparatus 
13, etc. Incidentally, the voltage range in which 
the development bias is to be adjustment is related to 
the potential level of a latent image, and therefore, 
it should be adjusted according to the settings of the 
dark point potential level of the photosensitive drum, 
or light point potential level of the photosen&itive 
drum affected by the intensity of the laser beam. 
[Blade Bias Control] 

As described above, during the development 
process, bias is applied to both the development blade 
17 and development roller 16, in each of the four 
color developing apparatuses 13. 

First, deferring to Figure 14, which is a 
schematic sectional view of the essential portion, in 
particular, the portion comprising the photosensitive 
dirum 10, developing apparatus 13, primary transferring 
means 26, and intermediary transfer belt 31, of one of 
the comparative image forming apparatuses, how the 
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comparative image forming apparatus controls the image 
density level during the full-color print production. 

As will be evident from Figure 14, there are 
four high voltage power sources (blade bias power 
sources) 22Y, 22M, 22C, and 22 Bk for the developing 
apparatuses 13Y^ IBM, 13C, and 13Bk, respectively. 
Thus, the biases to be applied to the development 
blades 17Y, 17M, 17C, and 17Bk can be adjusted in 
accordance with the biases to be applied to the 
development rollers 16Y, 16M, 16C, and 16Bk, 
respectively. 

More concretely, the sum of the voltage to be 
applied to the development roller (16Y, 16M, 16C, and 
16Bk), and -250 V, is applied as the development blade 
bias to the development blade (17Y, 17M, 17C, and 
17Bk), respectively. With the application of such a 
bias to the development blade 17, it is possible to 
keep the negatively charged toner particles attracted 
toward the development roller 15, stabilizing thereby 
the amount by which the toner is allowed to remain in 
a layer on the development roller 16. 

In comparison, in this embodiment, two or 
more (four in this embodiment) developing apparatuses 
13 are allowed to share a single blade bias power 
source, that is, the blade bias power source 22, as 
shown in Figure 3, making it unnecessary to increase 
the size of an electric circuit board, avoiding 
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therefore cost increase. In other words, this 
embodiment makes it possible to reduce apparatus 
size as well as apparatus cost. However, unlike the 
above described comparative example, in the case of 
this embodiment, it is impossible to individually 
adjust the blade biases to be applied to the 
development blades 17, in accordance with the 
potential levels of the development biases for the 
developing apparatuses 13 selected based on the 
detected density levels of the images of the 
referential density control patch T. 

Thus, in this embodiment, the potential 
levels of the blade biases to be applied to the 
development blades 17Y, 17M, 17C, and 17Bk of the 
developing apparatuses 13Y, 13M, 13C, and 13Bk, 
respectively, are selected with the use of the 
following method. 

First, referring to Figure 8, the condition 
necessary for the stabilization of the amount by which 
toner is allowed to remain in a layer on the 
development roller 16 will be described. Figure 18 
shows the relationship between the difference in 
potential level between the development roller 16 and 
development blade 17, and the amount by which toner is 
allowed to remain in a layer on the development roller 
16, by the development blade 17. 

In Figure 8, Vr designates the potential 
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level of the development bias applied to the 
development roller 16, and Vb designates the value of 
the potential level of the blade bias applied to this 
development blade 17, As is evident from Figure 8, 
the difference in potential level between the 
development roller 16 and development blade 17 is 
desired to be no less than 150 V (threshold of 
difference in potential level : minimum difference in 
potential level). In other words, it is desired that 
the following inequality is satisfied: 
150 V < Vr^^^ - Vb .••(!) 

Incidentally^ ^^max Inequality (1) 

designates the potential level of the development bias 
largest, in absolute value (largest in negative 
direction), among the four development biases to be 
applied to the four color developing apparatuses, one 
for one. Hereinafter, the condition represented by 
Inequality (1) will be referred to as "toner coat 
amount stabilization condition". 

On the other hand, if the difference in 
potential level between the development roller 15 and 
development blade 17 is set to be excessively large, 
it is possible that toner is deteriorated by the 
current flowed by this potential level difference, 
solidly adhering to the development blade 17. To 
described more concretely, in the case of the 
structural arrangement in this embodiment, if the 
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difference in potential level between the development 
roller 16 and development blade 17, in a preset 
ambience, is no less than 350 V (potential level 
difference threshold for solid toner adhesion: maximum 
potential level difference), there is the possibility 
of the solid toner adhesion. This condition can be 
expressed in the following inequality: 
V^min - Vb < 350 V ...(2) 

Incidentally, Vrj^^^^^ in Inequality (2) 
designates the potential level of the development bias 
smallest, in absolute value (closest to positive 
side), among the four development biases to be applied 
to the four color developing apparatuses, one for one. 
Hereinafter, the condition represented by Inequality 
(2) will be referred to as "solid toner adhesion 
prevention condition". 

In this embodiment, the image forming 
apparatus is provided with only one high voltage power 
source, or the high voltage power source 22, for the 
multiple development blades 17. Thus, in order to 
find a blade bias level which can satisfy both the 
toner coat amount stabilization condition (Inequality 
(1)) and solid toner adhesion prevention condition 
(Inequality (2)) for all four colors, in other words, 
in order to find a "balanced potential level", a 
computation is made to narrow the range, in voltage 
level, for the bias to be applied to the development 
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blades 17, with reference to the maximum and minimum 
values for the potential level of the development bias 
to be applied to each of the developing apparatuses 
13, obtained by detecting the density levels of the 
5 images of the density control patch T. Then, four 

biases, the potential levels of which are within the 
narrowed range found by the computation, and are 
identical, are applied to the four developing 
apparatuses 13Y, 13M, 13C, and 13Bk, one for one. 

10 In this embodiment, the CPU 60 adjusts the 

development biases by controlling the development bias 
powe.r source^ 23 based on the development bias levels 
determined through the detection of the density levels 
of the images of the density control referential patch 

15 T, so that development biases with the adjusted 
potential levels are applied to the development 
rollers 16. Also in this embodiment. Inequities (1) 
and (2), which contain the thresholds of the potential 
level difference between the development roller 16 and 

20 development blade 17, that is, the threshold (150 V) 
for the toner coat amount stabilization and the 
threshold (350 V) for the solid toner adhesion, are 
pi:escribed, and are stored in a storage means, for 
example, the storage portion of the CPU 60. With this 

25 arrangement, the CPU 60 calculates the blade bias 
level for each development bladie, based on the 
potential level set for the development bias for each 
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of the development rollers, as will be described 
later, and selects a blade bias level matching the 
calculated development roller potential level. Then, 
it controls the blade bias power source 22, to apply 
5 the blade bias with the selected potential level to 
the development blades 17. In other words, each of 
the voltages applied to two or more. (four in this 
embodiment) development rollers can be individually 
adjusted, and the voltages applied to the development 

10 blades can be adjusted in potential level, when at 

least one of the voltages applied to the development 
rollers, one for one, is changed in potential level. 

Hereinafter, the examples of the above 
described density control method will be described. 

15 (Example 1) 

Figure 9 is a flowchart ishowing one of the 
density control processes in this embodiment. The 
density control method will be described with 
reference to this flowchart. 

20 It is assumed that -320 V, -310 V, -390 V, 

and -300 V were selected as the potential levels for 
the development biases to be applied to the four 
developing apparatuses, that is, black, cyan, magenta, 
and yellow developing apparatuses 13Bk> 13C, 13M^ and 

25 13Y, according to the density levels of the four color 
images of the density control reference patches (Step 
1). 



In the case of the comparative example, a 
voltage, the potential level of which equals to the 
sum of the potential level of the development bias 
applied to the developing apparatus (13Y, 13M, 13C, 
and 13Bk), and 250 V, is applied as the blade bias to 
the development blade (17Y, 17M, 17C, and 17Bk, 
respectively), as described above. 

In comparison, in this embodiment, first, the 
maximum value (Vrj^^^^^) and minimum value (Vr^^^^^j^) for 
the potential level for the blade bias are found, from 
among the values selected for the potential level of 
the development bias to be applied to each of the 
developing apparatuses 13Y, 13M, 13C, and 13Bk (Step 
2)- 

Next, a hypothetical blade bias level Vb is 
calculated. That is, in this embodiment, first, the 
average of the potential levels selected for the 
development biases for the four developing apparatuses 
is calculated, and 250 V is added to the calculated 
average potential level, obtaining thereby the 
hypothetical development blade potential level proper 
to allow a sufficient amount of toner to remain in a 
layer on the development roller 16. In other words, 
the value of Vb is obtained using the following 
arithmetic formulae (Step 3): 

Vb = {(-320 V) + (-310 V) + (-390 V) + (-300 V)} 
^ 4 + (-250 V) = -580 V. 
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Then, the hypothetical value obtained in 
Step 3 and the values obtained in Step 2 are 
substituted for Vb, Vrmin and Vrmax in Inequities (1) 
and (2) to see if the two inequities are satisfied. 
In other words, it is determined whether or not the 
toner coat amount stabilization condition (Inequality 
(1)) is satisfied for the developing apparatus 13 
which was largest (largest in terms of negative 
direction) in the absolute value of the development 
bias level (Step 4), and also, it is determined 
whether or not the solid toner adhesion prevention 
condition (Inequality (2)) is satisfied for the 
developing apparatus 13 which was ^smallest (closest to 
positive side) in the absolute value of the 
development bias level (Step 6). 

In this example, both conditions are 
satisfied. Therefore, the above described 
hypothetical value (-580 V) is employed as the value 
for the potential levels for the blade biases to be 
applied to all of the developing apparatuses 13Y, 13M, 
13C, and 13Bk (Step 8), 

Summarized in the following table (Table 1) 
are the combination of the development bias values, 
and the blade bias values selected based thereon, in 
this example, and the combination of the development 
bids values, and the blade bias values selected based 
th)ereon, in the comparative example. 
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Table 1 



Example of Bias Setting (Ave. + (-250 V) ) 





EMB. 


COMP. 


EX. 


DEV. DEVICE 


ROLLER BLADE 


ROLLER 


BLADE 


Bk 


-320 V 


-320 V 


-570 V 


C 


-310 V 


-310 V 


-560 V 




-580 V 






M 


-390 V 


-390 V 


-640 V 


Y 


-300 V 


-300 V 


-550 V 



(Example 2) 

Next, the case in which only one of the 
development bias levels selected, in Step 1, for the 
developing apparatuses is smaller in absolute value 
(on positive side) than the average of the selected 
development bias levels, will be described. Also in 
this case, the value for the blade bias potential 
level is selected following Figure 9. In this case 
however, it is necessary to prioritize the solid toner 
adhesion prevention condition (Inequality (2)). 

For example, it is assumed th^t -390 V, -400 
V, -400 V, and -250 V were selected as the potential 
levels for the development biases to be applied to the 
four developing rollers 16, that is, black, cyan, 
magenta, and yellow development rollers, according to 
the density levels of the four color images of the 
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density control reference patches (Step 1). 

In the case of the comparative example, 
a voltage, the potential level of which equals to 
the sum of the potential level of the development 
5 bias applied to each developing apparatus (13Y, 13M, 
13C, and ISBk) and -250 V, is applied as the blade 
bias to each of the development blades, as described 
above . 

In comparison, in this embodiment, the 
10 average of the potential levels selected for the 

development biases for the four developing apparatuses 
is calculated, and -250 V is added to the calculated 
average potential level, obtaining thereby a 
hypothetical value for the potential level Vb of the 
15 bias for the development roller, proper to allow a 

sufficient amount of toner to remain in a layer on the 
development roller 16, as in the example 1. In other 
words, the value of Vb is' obtained using the following 
arithmetic formulae (Step 3): 
20 Vb = {(-390 V) + (-400 V) + (-400 V) + (-250 V)} 

^ 4 + (-250 V) = -610 V. 
Next, it is determined, as in the first 
example, whether or not this hypothetical value for 
the blade bias potential level Vb satisfies Inequities 
25 (1) and (2) (Steps 4 an^ 5). 

In this example, the toner coat amount 
stabilization condition (1) can be satisfied, but the 
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solid toner adhesion prevention condition (2) cannot 
be satisfied. 

In other words, the difference between the 
lowest, in absolute value, of the development bias 
potential levels selected for the developing 
apparatuses 13, that is, the development bias 
potential level selected for the developing apparatus 
13Y for yellow component, and the blade potential 
level Vb obtained through the calculation, is greater 
than 350 V: 

Vr - Vb = -250 - (-610 V) = 360 V > 350 V. 
Thus, Inequality (2) is not satisfied. 

In this case, the flowchart in Figure 9 is 
followed, repeating Step 6, while increasing the 
hypothetical blade bias level by an increment of 10 V 
for each repetition (Step 7), and checking wl^ether or 
not the increase in blade bias level by 10 V satisfies 
Inequality (2), finding thereby the maximum value 
(-590 V) for the blade bias level that can satisfy 
Inequality (2). Then, the maximum value -590 V (Vb = 
-590 V) is selected as the value for the potential 
level for the bias to be applied to the blade. That 
is, if Vb = -590 V, Inequality (2) is satisfied for 
the yellow developing apparatus 13Y, which is smallest 
in the absolute value for thfe potential level of the 
development bias selected therefor: 

Vr - Vb = -250 V - (-590 V) = 340 V < 350 V. 
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Summarized in the following table (Table 2) 
are the coirtbination of the development bias values, 
and the blade bias values selected based thereon, in 
this example, and the combination of the development 
5 bias values, and the blade bias values selected based 
thereon, in the comparative example. 

Table 2 

Example of Bias Setting (Priority on Eq. (2)) 

10 ~ 

EMB . COMP . EX . 



DEV. DEVICE ROLLER BLADE ROLLER BLADE 



Bk 


-390 


V 




-390 


V 


-640 


V 


C 


-400 


V 




-400 


V 


-650 


V 








-590 V 










M 


-400 


V 




-400 


V 


-650 


V 


Y 


-250 


V 




-250 


V 


-500 


V 



In this example, by selecting all the 
20 potential levels for the biases to be applied to the 
development blades of the developing apparatuses 13Y, 
13M, 13C, and 13Bk as shown in Table 2, the value for 
the difference in potential level between the bias to 
be applied to the development roller 16 and ihe bias 
25 to be applied to development blade 17 can be set as 
large as possible within the potential level 
difference range in which toner does not solidly 



adhere to the development blade. For example, the 
potential level difference (Vr - Vb) between the bias 
applied to the development roller •IS and development 
blade 17 in the cyan and magenta developing 
apparatuses 13C and 13M is: Vr - Vb ,= -400 - (-590 V) 
= 190 V > 150 V, satisfying therefore. Inequality (1): 
150 < Vr -Vb, affording a latitude of 40 V. By 
securing a proper amount of difference in potential 
level between the bias applied to the development 
roller 16 and development blade 17 as described above, 
it is possible to further stabilize the amount by 
which toner is allowed to remain in a layer on the 
development roller 15. 

On the other hand, in the case that only one 
of the values selected, in Step 1, for the potential 
levels of the development biases is larger in absolute 
value (largest in negative direction) than the average 
of the selected development bias levels, that is, when 
the hypothetical value for the blade bi^s potential 
level Vb does not satisfy Inequality (1) for this 
developing apparatus (Step 4), it is repeatedly 
checked (Step 4), while adding -10 V for each check 
(Step 5), whether or not Inequality (1) is satisfied. 
With the use of this process, it is possible to select 
the value for the potential level of the blade bias, 
which satisfies Inequality (1), assuring that a proper 
amount of toner is allowed to remain in a layer on the 
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development roller 15 (Step 8). 

As described above, according to this 
embodiment of the present invention, in cpnsideration 
of the stabilization of the amount by which toner is 
allowed to remain on the development roller 16, and 
the prevention of the solid toner adhesion to the 
development blade 17, an optimum valu^ for the 
potential level of the bias to be applied to the four 
development blades is selected by calculation, from 
within the potential level range which is narrowed in 
accordance with the development bias level range in 
which a target density can be achieved. Therefore, 
the amount by which toner is allowed to remain on the 
development roller 16 can be prevented from 
fluctuation, without the provision of additional high 
voltage power sources, in other words, with the 
employment of only one blade bias power source, or the 
blade bias power source 22 • 

Further, if it is desired to prioritize the 
above described toner coat amount stabilization 
condition, or solid toner adhesion prevention 
condition, it is possible to check only the 
prioritized condition. More specifically, it is 
possible to choose such an operation mode that the CPU 
60 looks up the maximum or minimum value for the 
potential level of the bias to be applied to the 
developmenib roller 16 during development, and 
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calculates the value for the potential level for the 
common bias to be applied to all of the development 
blades, based on the referenced maximum or minimum 
value for the potential level of the development bias, 
5 narrowing thereby the potential level range for the 
common bias to be applied to all of the development 
blades. 
Embodiment 2 

Next, another embodiment of the present 

10 invention will be described. The basic structure and 
operation of the image forming apparatus in this 
embodiment are the same as those of the image forming 
apparatus in the first embodiment. Therefore, the 
structural or operational elements of the image 

15 forming apparatus in this embodiment, which are the 
same as those in the first embodiment are given the 
same referential symbols as those givers to the 
corresponding elements in the first embodiment, and 
will not be described in detail here. 

20 In this embodiment, the linage forming 

apparatus is provided with an ambient condition 
detecting means, and therefore, is capable of more 
strictly controlling the blade bias level, when the 
apparatus is operated in a high temperature 

25 environment, in which toner is more likely to solidly 
adhere to the development blade 17. This control, 
which reflects the ambient condition, assures that the 
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solid adhesion of toner to the development blade 17 
does not occur. 

To described in more detail, referring to 
Figure 10, an ambience sensor (temperature-humidity 
sensor) 80 as an ambient condition detecting means 
detects the state of the ambience in which the image 
forming apparatus 100 is placed. The solid toner 
adhesion to the development blade, for which the blade 
bias is responsible, is more likely to occur when the 
ambient temperature is higher, as well as when current 
flow is smaller. 

In this embodiment, therefore, the threshold 
(350 V) in Inequality (2), or the solid toner adhesion 
prevention condition, in the first embodiment, is 
changed based on the temperature data from the 
ambiencet sensor 80. 

More concretely, when the ambient temperature 
was no less th^n 30 ^'C, the ambient temperature of the 
development roller 16 exceeded 53**C^ making it likely 
for the solid toner adhesion to occur. Thus, the 
solid toner adhesion threshold (V factor) set up, as 
the referential value for the difference in potential 
level between the development roller 16 and 
development blade 17, to prevent the solid toner 
adhesion, was reduced to 330 V in response to the 
ambience. This stopped the occurrence of the solid 
toner adhesion. This condition for preventing the 



solid toner adhesion can be expressed in the form of 
the following inequality: 

Vr - Vb < 330 V (threshold reflective of 
ambience: no less than 30**C) ...(3). 
On the other hand, when the ambient 
temperature was no more than 23**C, the ambient 
temperature of the development roHer 16 remained 
below 45**C, making it unlikely for the solid toner 
adhesion to occur. As the difference (reflective of 
ambience) in potential level between the bias applied 
to the development roller 16 and the bias applied to 
the development blade 17 was reduced to a value no 
more than 400 V, the solid toner adhesion stopped. 
This condition for preventing the solid toner adhesion 
can be expressed in the form of the following 
inequality: 

Vr - Vb < 400 V (threshold reflective of 
ambience: no less than 30*^0) ,..(4), 
Also in thi$ embodiment, when the ambient 
temperature is between 23 - 30**C, the threshold for 
the difference (reflective of ambience) in potential 
level between t^ie bias to be applied to the 
development roller 16 and the bias to be applied to 
the development blade 17 was set to 356 V. This 
condition can be expressed in the following inequity: 
Vr - Vb < 365 V (threshold reflective of 
ambience: 23 - 30*^0) ...(5). 
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Figure 11 is a flowchart for the controlling 
method in this embodiment. This flowchart is the same 
as that in the first embodiment, except that, in Step 
3 in Figure 11, the threshold reflective of the 
aniibient temperature, which is equivalent to the 
potential level difference threshold (350 V) in the 
solid toner adhesion prevention condition (Inequality 
(2)) in the first embodiment, is selected in response 
to the ambient temperature detected by the ambience 
sensor 80, and in Step 7, the value for the potential 
level of the bias to be applied to the development 
blade 17 is selected in consideration of the ambient 
temperature • 

In this embodiment, the CPU 60 holds in its 
storage portion as a storage means, the solid toner 
adhesion threshold reflective of the ambient 
condition, and switches the value for the solid toner 
adhesion threshold reflective of the ambient 
condition, based on the results of the detection of 
the ambience by the ambience sensor 80. 

To described in more detail, the hypothetical 
value calculated in Step 4 is substituted for the 
blade bicis level Vb, and it is determined (Step 5) 
whether or not the toner coat amount stabilization 
condition (Inequality (1)) is satisfied for the 
developing apparatus, which is largest (largest in 
negative direction) in the absolute value selected for 
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the potential level of the development bias, or it is 
determined (Step 7) whether or not the solid toner 
adhesion prevention condition (Inequality (3), (4), or 
(5)) is satisfied for the developing apparatus 13, 
which is smallest in the absolute value of the 
potential level of the development bias. In Step 7, 
the solid toner adhesion threshold reflective of the 
ambient temperature, which was selected in Step 3 in 
accordance with the ambience, is used. 

When both the toner coat amount stabilization 
condition and sdlid toner adhesion prevention 
condition are satisfied as in the first example in the 
first embodiment, the value obtained by the 
hypothetical calculation is selected as the value for 
the potential level of the blade bias applied to all 
the developing apparatuses 13Y, 13M, 13C, and 13Bk 
( Step 9 ) . 

Further, in the case that only one of the 
development bias levels selected, in Step 1, for the 
developing apparatuses is smaller in absolute value 
(on positive side) than the average of the selected 
development bias levels, and the hypothetical value 
for the blade bias potential level Vb does not 
satisfies the solid toner adhesion prevention 
condition (Inequality (3), (4), or (5) which contains 
the threshold reflective of the ambient condition. 
Step 7 is repeated after adding -10 V to the 
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hypothetical blade bias value ^ in Step 8, until a 
value which satisfies the solid toner adhesion 
prevention condition is found. Then, this value is 
selected as the value for the potential level for the 
5 blad^ bias to be applied to all the developing 
apparatuses 13Y, 13M, 13C, and ISBk (Step 9). 

On the other hand, in the case that only one 
of the values selected, in Step 1, for the potential 
levels of the development biases is larger in absolute 

10 value (largest in negative direction) than the average 
of the selected development bias levels, and the 
hypothetical value for the blade bias potential level 
Vb dose not satisfy the toner coat amount 
stabilization condition, it is repeatedly checked 

15 (Step 5), while adding -10 V for each check (Step 6), 
whether or not the toner coat amount stabilization 
condition is satisfied, until a value which satisfies 
the toner coat amount stabilization condition is 
found* Then, if this value for the blade bias 

20 potential level Vb, which satisfies the toner coat 
amount stabilization condition, also satisfies the 
solid toner adhesion prevention condition, this value 
is used as the value for the potential levels for the 
blade biases of all the developing apparatuses 13Y, 

25 13M, 13C, and 13Bk (Step 9). 

As described above, according to the 
controlling method in this embodiment of the present 
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invention, in consideration of the stabilization of 
the amount by which toner is allowed to remain on the 
development roller 16, and the prevention of the solid 
toner adhesion to the development blade 17, an optimum 
5 value for the potential level of the hias to be 

applied to the four development blades is selected by 
calculation, from within the the blade bias potential 
level range in accordance with the development bias 
potential level range in which a target density lev^l 

10 can be achieved. Therefore, the amount by which toner 
is allowed to remain on the development roller 16 can 
be prevented from fluctuating, stabilizing thereby the 
density level at which an image is formed, without the 
provision of additional high voltage power sources, in 

15 other words, with the employment of only one blade 

bias power spurce, or the blade bias power source 22. 

Incidentally, in this embodiment, the width 
of the range fof the potential level of the blade bias 
cap be controlled in response to the temperature data 

20 from the ambience sensor 80; in other words, the width 
of the range for the potential level of the blade bias 
can be narrowed (or widened with restriction). With 
the provision of this arrangement, it is possible to 
assure that the potential level of the blade bias is 

25 kept within the range, in which the amount by which 
toner is kept on the development roller 16 is 
stabilized as much as pos^sible, while preventing toner 
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from solidly adhering to the development blade. 
Embodiment 3 

Next, another embodiment of the present 
invention will be described. The basic structure and 
operation of the image forming apparatus in this 
embodiment are the same as those of the image forming 
apparatus in the second embodiment. Therefore, the 
structural or operational elements of the image 
forming a{)paratus in this embodiment, which are the 
same as those in the second embodiment are given the 
same referential symbols as those given to the 
corresponding elements in the second embodiment, and 
will not be described in detail here. 

The image forming apparatus in this 
embodiment is provided with a density sensor 70, that 
is, a light sensor, as an image density level 
detecting means, and an ambience sensor (temperature- 
humidity sensor) as an ambient condition detecting 
means (Figure 10), as is the image forming apparatus 
in the second embodiment. In this embodiment, 
however, the widths of the development bias potential 
level range and blade bias potential level range are 
optimized with the use of a controlling method 
different from the one in the second embodiment. 

More specifically, in the second embodiment, 
the values fqr the potential levels for the 
development biases to be applied to the four color 
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developing apparatuses 13Y, 13M, 13C, and 13Bk are 
selected through the density control process, based on 
the detected density levels of the images of the 
density control patches T, and then, the value for the 
5 potential level for the blade bias is selected, from 

within the blade bias potential level range restricted 
in accordance with the ambient factors detected with 
the use of the ambience sensor 80, and based 6n the 
selected development bia^ potential values. 

10 In comparison, in this embodiment, first, the 

value for the potential level for the blade bias is 
selected in accordance with the data from the ambience 
sensor 80, Then, in accordance with the ambient 
condition, the development bias potential level range 

15 is selected in consideration of the bottom limit 
(closest to positive side), in absolute value, of 
blade bias potential level range in which the solid 
toner adhesion does not occur, and the top limit 
(farthest in negative direction), in absolute value, 

20 of the blade bias potential level range in which the 
amount by which toner is allowed to remain on the 
development roller 16 remains stable, in other words, 
the density level remains stable. Then, the values 
for the development bias potential level is selected 

25 from within this development bias potential level 
range, using the density sensor 70. 

In other words, the difference in potential 
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level between the development bias and blade bias, 
which can be permitted by the ambient condition is 
obtained in advance, as described before. Further, 
normally, the development bias potential level range, 
which is controlled in response to the density level 
of the image of the density fcontrol patch T detected 
by the image density level detecting means, is within 
a predetermined range. Thus, it is possible to select 
the value for the blade bias potential level, from 
within the range preset in accordance with the ambient 
condition, and then, the value for the development 
bias potential level, so that the difference in 
potential level between the development bias and blade 
bias falls within the range permissible by the ambient 
condition. 

With the employment of such a control, not 
only is it possible to stabilize image density, but 
also, to assure that toner is prevented from solidly 
adhering to the development blade 17. Next, this 
control will be described in more detail. 

Figure 12 is a flowchart for the density 
control in this embodiment. First, in Step 1, the 
ctmbience sensor 80 detects the ambient temperature of 
the image forming apparatus 100, and then, the value 
for the potential level Vb for the common blade bias 
to be applied to the development blades 17 of all the 
developing apparatuses 13Y, 13M, 13C, and ISBk, is 
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selected in response to the ambient temperature 
detected by the ambience sensor 80. 

As described before, the solid toner 
adhesion, for which blade bias is responsible, is more 
5 likely to occur when the ambient temperature is 
higher, as well as when current conduction is 
inferior. In otheir words, when the ambient 
temperature is higher, the potential level Vb of the 
blade bias to be applied to the development blade 17 

10 is desired to be relatively smaller in absplute value 
(closer to positive side: direction to reduce amount 
of difference in potential level between blade bias 
and development bias). On the other hand, when the 
ambient temperature is relatively low, the absolute 

15 value of the potential level Vb of the blade bias to 
be applied to the development blade 17 may be on the 
slightly larger side (greater in negative direction: 
direction to increase amount of difference in 
potential level between blade bias and development 

20 bias)* 

Thus, in this embodiment, the blade bias 
potential level Vb is set as follows, for example^ 
depending on the ambient temperature detected by the 
ambience sensor 90: 
25 no more than 23** Vb = -570 V 

23 - 30** Vb = -535 V 

no less than 30° Vb = -500 V. 
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In this embodiment, the CPU holds in its 
storage^ portion as a storage means, the preset values 
for the blade i>ias potential level Vb chosen in 
relation to the ambient temperature data, and switches 
5 the blade bias level in response to the results of the 
detection by the ambience sensor 80, with reference to 
the present values in the storage means. 

Next, in Step 2, the potential level range is 
set for the development bias, for each ambience range. 

10 That is, the lowest potential level Vy^^^ ^^^^ of the 
development bias, for each cunbience range, is 
calculated in consideration of the solid toner 
adhesion prevention condition. In this embodiment, 
400 V (no more than 23^0 , 365 V (23 - 30C), and 330 

15 (no less than 30*'C), are employed as the potential 
level difference threshold for the solid toner 
adhesion, reflective of the ambience condition, as in 
the second embodiment. Thus, when selecting the 
values for the blade bias potential levels in 

20 accordance with the ambient condition as stated above, 
the values of Vj^^j^ become as follows, from the 

three arithmetic formulas: formulae (3) for the 
ambient temperature of no less than 30 ""C; formulae (4) 
for the ambient temperature of no more than 23**C; and 

25 formulae (5) for the temperature in the range of 23 - 
30"C. 
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more than 23° Vj^^j^ = 400 + (-570 V) 

= -170 V 

23 - 30" Vj,^n „i„ = 365 + (-535 V) 

= -170 V 

5 no less than 30" Vj^^^ = 330 + (-500 V) 

= -170 V. 

On the other hand, the maximum potential 
level Vjjgjj jfjgjj for the development bias reflective of 
the ambience condition is desired to assure a voltage 

10 level of 150 V as the potential level difference 
between the development bias and blade bias, as 
described above, in consideration of the toner coat 
amount stabilization condition. For example, when the 
blade bias level is set as stated above, in 

15 consideration of the ambience condition, the values 
for the maximum potential level Vj^^j^ j^^^ become as 
follows: 

no more than 23° Vj^an max = "^'^^ ^ + 

= -420 V 

20 23 - 30° = -535 V + 150 

= -385 V 

no less than 30° Vj^^^^ ^^j^ = -500 V + 150 

= -350 V. 

Thus, the ranges for the development bias 
25 level Vr reflective of the ambience become as follows: 
no more than 23° -170 V s Vr < -420 V 
23 - 30° -170 V s Vr i -385 V 
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no less than 30** -170 V ^ Vr < -350 V, 

In thi3 embodiment, however, when it is 
necessary to achieve the target density level of 1.4, 
the potential level of the development bias is set to 
a value no lower than -250 V. In this case, 
therefore, the ranges for the development bias level 
Vr become as follows: 

no more than 23 -250 V < Vr < -420 V 
23 - 30** -250 V < Vr < -385 V 

no less than 30^ -250 V < Vr < -350 V. 

Next, in Step 3, the image density levels are 
detected with the use of the density sensor 70 as in 
the first embodiment, and the values for the potential 
levels for the development biases to be applied to the 
development rollers 16 of the developing apparatuses 
13Y, 13M, 13C, and 13Bk are hypothetical ly set. 

Thereafter, it is determined, in Stfep 4 and 
Step 5, whether or not the hypothetical values 
selected for the development bias potential level Vr 
satisfies: Vj^^^ min ^ Vr £ Vj^^n max- When the values 
are greater than the V|^g^j^ max' maximum value 

(^kan max^ selected as the value for the 
development bias potential level Vr, whereas when the 
values are smaller than the Vj^^j^ min' minimum 
value (Vj^-^j^ min J selected as the value for the 
development bias potential 16vel Vr. 

In short, it is determined in Step 4 whether 
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or not th^ hypothetical value for the development bias 
potential level Vr satisfies the (Vr < Vj^^^ max) 
portion of the development bias potential level range 
(Vkan min ^ Vr < Vj^^^ max) calculated in Step 2 in 
consideration of the ambience. 

If it is determined in Step 4 that the 
above condition is satisfied, it is determined in 
Step 5 whether or not the hyppthetical value for 
the development bias potential level Vr satisfies 
(Vjcan min - Vr) portion of the development bias 
potential level range (V,,^^ < Vr < Vj.^^ ^^^) 

calculated in Step 2 in consideration of the ambience. 

If it is found in Step 4 and Step 5 that the 
above conditions are met, the hypothetical values are 
employed as the values for the potential levels Vr for 
the development biases to be applied to the developing 
apparatuses 13Y, 13M, 13C, and 13Bk. 

On the other hand, it is found in Step 4 that 
the above conditions are not satisfied, the potential 
level of the develop^ient bias to be applied to the 
developing apparatus 13 which does not satisfy the 
conditions is set to the maximum value (Vj^^^^ max^ 
reflective of the ambient condition. Further, if it 
is found in Step 5 that the above conditions are not 
satisfied, the potential level of t^e development bias 
to be applied to the developing apparatus 13 which 
does not satisfy the conditions is set to the minimum 
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value (Vj^Qj^ max) reflective of the ambient condition, 
in Step 8. 

Incidentally, even if the maximum value 
(^kan max) minimum value (Vj^^^ ^^^) reflective of 
5 the ambient condition, is selected as the value for 
the potential level for the development bias, there 
will be only a slight aberration in the density level 
of the solid portion of an image. Therefore, there is 
no problem in practical terms, because the users 

10 concerned with such an aberration carry out r~ 

correction with the use of a known image processing 
method such as dithering or the like. 

The above described control method can be 
summarized in the following table (Table 3), which 

15 represents a case in which the values for the 

potential levels for the development biases to be 
applied to the developing apparatuses 13Y, 13M, 13C, 
and 13Bk are hypothetically calculated using the same 
method as that in Example 1 in the first embodiment 

20 (black: -3:20V; cyan: -310 V; magenta: -390 V, and 
yellow: -300 V) . 



25. 
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Table 3 



Example 


of Bia^ Setting using Blade Bias 


Control 


on Ambient Condition 






AMBIENCE 


^23°C 


23 - 30 °C 


k30 °C 


BIAS 


-17*0 - -420 V 


-170 - -385 V 


-170 - -350 V 


RANGE 








DEV. 


ROLLER BLADE 


ROLLER BLADE 


ROLLER BLADE 


DEVICE 








Bk 


-320 V 


-320 V 


-320 V 


C 


-310 V 


-310 V 


-310 V 




-570 V 


-535 V 


-500 V 


M 


-390 V 


-385 V 


-350 V 


Y 


-300 V 


-300 V 


-300 V 


As 


shown in Table 


3, when the cunbient 


temperature 


is within the 


range of 23 - 30 °C, 


and when 



it is no less than 30**C, the hypothetical value (-390 
V) obtained by calculation as the value for the 
potential level Vr for the development bias to be 
applied to the magenta developing apparatus 13M is 
greater than the maximum value (Vj^^^^ max^ reflective 
of the ambient condition. Therefore, the maximum 
potential level values (Vj^^^^ max^ reflective of the 
above two temperature ranges, that is, -385 V and -350 
V, are chosen as the values for the development bias 
potential levels to be applied when the ambient 
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temperature is in the above described ranges, 
respectively. 

As described above, the blade bias potential 
level and development bias potential level are 
selected in accordance with the temperature data from 
the ambiance sensor 80. With this arrangement, it is 
assured that the potential level of the blade bias is 
set to a value within the range in which toner is kept 
on the development roller 16 by an amount proper to 
achieve a preferable image density level, and in which 
toner does not solidly adhere to the development blade. 

Although the preceding embodiments were 
described with reference to the image forming 
apparatuses which employed an intermediary transfer 
member, the present invention is also applicable to an 
image forming apparatus other than those described 
above, for example, a full-color image forming 
apparatus, which is provided with a transfer medium 
bearing member, instead of an intermediary transfer 
member, and in which toner images are sequentially 
transferred in layers onto a transfer medium borne on 
the transfer medium bearing member, in the image 
formation stations, as the transfer medium is conveyed 
through the iAiage formation stations by the t^^ansfer 
medium bearing member; the transfer medium is 
separated from the transfer bearing member; and the 
unfixed toner images on the transfer medium are fixed. 
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Further, the medium on which an image of the 
density control patch (referential patch) is formed to 
detect the density level thereof does not need to be 
limited to an intermediary transfer member. It may be 
5 an image bearing member such as a photosensitive 

member. All that is necessary when an image of the 
density control patch is formed on a photosensitive 
member is for an image of the density control patch to 
be formed on the photosensitive member during a period 

10 in which an actual image forming operation is not 
carried out (period in which photosensitive member 
does not come into contact with transfer medium) , 

It should be understood that the values, in 
the preceding embodiments^ for the development bias, 

15 blade bias, difference in potential level between the 
development bias and blade bias, and range of the 
difference, are nothing but examples, and are not 
intended to limit the scope of the^ present invention. 
Instead of a photosensitive drum, a 

20 photosensitive belt may be employed as an image 

bearing member. Further, instead of a photosensitive 
member, a dielectric member may be employed. When a 
dielectric member is employed, an electrostatic latent 
image is to be formed with the use of an ion head 

25 which directly injects electric charge. 

In the first embodiment, the value for the 
potential level of the development bias voltage is 
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chosen in accordance with the detected density level 
of the image of the density level detection 
referential patch, and the value for the potential 
level of the blade bias voltage is phosen in 
accordance with the chosen value for the potential 
level of the development bias voltage. However, the 
value for the potential level of the blade bias 
voltage may be directly chosen in accordance with the 
detected density level of the image of the density 
level detection referential patch, instead of the 
value chosen for the potential level of the 
development bias voltage in accordance with the 
detected density level of the image of the density 
level detection referential patch. 

According to the present invention, a single 
voltage applying means for applying voltage to a 
developer regulating member can be shared by two or 
more developer regulating members, eliminating the 
need for additional voltage applying means. In 
addition, it is possible to prevent the amount by 
which developer is allowed to remain on a developer 
bearing member, from fluctuating, stabilizing thereby 
the density level at which an image is formed. Also 
according to the present invention, not only can a 
single voltage applying means for applying voltage to 
a developer regulating member be shared by two or more 
developer regulating members, but also it is possible 
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to prevent a developer bearing member from being 
supplied with an insufficient amount of developer, and 
developer from solidly adhering to the developer 
regulating member. 

While the invention has been described with 
reference to the structures disclosed herein, it is 
not confined td the details set :tbrth, and this 
application is intended to coveir siich modifications Or 
changes as may cdme within the purf^oses of the 
iirii>rovements or the scope of the fallowing claims. 



